Objective: The objective of this study was to investigate the effectiveness and safety of interferon (IFN) α2a as an add-on treatment for refractory Behçet's uveitis (BU). Methods: In this retrospective cohort study, 30 refractory BU patients who received IFNα2a treatment in Peking Union Medical College Hospital between February 2015 and June 2018 were consecutively included. IFNα2a was used mainly as an add-on treatment for BU patients who underwent relapse under corticosteroids and conventional immunosuppressive agents. The primary outcome was treatment success rate before and after initiation of IFNα2a. Changes in ocular relapse rates, disease activity, corticosteroid-and immunosuppressantsparing effects, as well as side effects were secondary outcomes. Results: A total of 30 patients (27 males and 3 females) with a mean age of 30.5 ± 8.7 years were included. Twenty-one patients (70%) were treated with at least 2 immunosuppressive agents before the initiation of IFNα2a. Treatment success was achieved in 26 patients (86.7%), and the median uveitis relapse rate decreased from 7.3 (range 2-12) to 0 (range 0-6) per patient-year (p = 0.000002) during a mean follow-up of 21.7 ± 7.5 months, corticosteroids were lowered in 25 cases (83.3%) and completely withdrawn in four (13.3%). In addition, immunosuppressive agents were reduced in number and dosage in 22 (73.3%) and 29 patients (96.7%), respectively, and were completely withdrawn in 12 cases (40%). No severe adverse events were observed and serum autoantibodies remained negative during the treatment of IFNα2a. Conclusion: IFNα2a is effective and relatively safe in refractory BU, with significant steroidand immunosuppressant-sparing effects.
Introduction
Behçet's disease (BD) is a multisystemic, chronic relapsing inflammatory disorder of unknown etiology. Ocular inflammation, typified by uveitis involving both the anterior and posterior segments of the eye, was reported to occur in 32.2-56.8% of BD patients, [1] [2] [3] and to be one of the leading causes of morbidity that might result in irreversible vision loss. 4 An increasing number of studies have contributed to our knowledge on the sophisticated cytokine networks implicated in BD onset, evolution, and organ damage. 5 Genetic studies found associations of BD with SNPs of numerous cytokines including interleukin (IL) 1, tumor necrosis factor (TNF) α, interferon (IFN) γ, IL12, and IL18. Moreover, IL17 and IL18 were related to uveitis in BD, and IL8, RANTES and MIP-1α were associated with disease activity. 6 Although corticosteroids in combination with conventional immunosuppressive agents Effectiveness and safety of interferon α2a as an add-on treatment for refractory Behçet's uveitis such as cyclosporin A (CsA) and azathioprine (AZA) remain the mainstay of the treatment in BD patients with uveitis, a moderate proportion of patients respond inadequately to the above agents even at their maximum therapeutic doses, and some experience intolerable side effects. Therefore, there is an urgent need for additional effective treatments to combat this disease.
The development of biologics, in particular TNF inhibitors, brought hope to refractory Behçet's uveitis (BU) with high response rates and favorable safety profiles. [7] [8] [9] [10] However, the high cost of anti-TNF agents precludes them as the preferred treatment for long-term control of refractory BU in developing countries such as China. Evidence showing their potential link with reactivation of latent tuberculosis poses another concern in tuberculosis-endemic countries. [11] [12] [13] [14] Since they were first successfully introduced by Durand et al. in 1993, 15 IFNα has been shown to have comparable effectiveness and tolerance profiles as anti-TNF agents for BU in a number of studies [16] [17] [18] [19] with a much lower cost. International and domestic reports on the clinical application of IFNα in Chinese BU patients are scarce, but a large cohort from a single center in southwest China was recently reported by Yang et al. 20 Whereas Yang et al.'s study included BU patients refractory to corticosteroids with only a single immunosuppressant, we herein report a series of refractory BU patients who experienced recurrence despite aggressive treatment with two or three immunosuppressants at their therapeutic doses. Annual relapse rates, side effects, and steroid-and immunosuppressant-sparing effects of IFNα2a are assessed in this study. 21 or the new International Criteria for Behçet's Disease (ICBD), 22 and the patients were evaluated and followed up collaboratively by the uveitis group of the Ophthalmology Department and the Rheumatology Department. The use of corticosteroid and immunosuppressant drugs were in accordance with international consensus. 23 IFNα2a was instituted in patients who had posterior or pan-uveitis relapse under a medium-tohigh dose of oral corticosteroids (no less than 15 mg/day prednisone or equivalent) and at least one of the following conventional immunosuppressive agents: CsA (200 mg/day), cyclophosphamide (CTX, 100-150 mg/day), AZA (100 mg /day), methotrexate (MTX, 10 mg/week), and tacrolimus (TAC, 2 mg/day); they were used mainly as add-on treatments with minor adjustments of the conventional drugs in some patients for safety concerns. The initial dose of IFNα2a was 3.0 million IU (MIU) subcutaneously daily for 4 weeks, followed by 3.0 MIU every other day for 3-4 months and further tapering tailored to individual needs of immunosuppression.
Patients and methods

Patients and treatments
All patients underwent a complete set of ocular examinations including visual acuity, intraocular pressure, slit lamp examination of the anterior segment, and fundoscopy when visible at initiation and each follow-up visit. Fundus fluorescein angiography (FFA), optical coherence tomography (OCT), and B ultrasound scans of the posterior segment were obtained when necessary. Relapses of ocular inflammation were confirmed independently by two uveitis specialists, and a third senior ophthalmologist was referred when there was any disagreement. Laboratory tests including blood cell counts, routine urinalysis, liver and renal functions, erythrocyte sedimentation rate (ESR), and serum C reactive protein (CRP) were performed monthly, and autoantibodies including antinuclear antibody (ANA), antibody to double-stranded DNA (anti-dsDNA antibody), anti-neutrophil cytoplasmic antibody (ANCA), and anti-extractable nuclear antigen antibodies (anti-ENA antibodies) were monitored every six months.
This study complied with the Declaration of Helsinki and was approved by the Institutional Review Board (IRB) of Peking Union Medical College Hospital (approval number: S-443). Written informed consent for the collection and use of all data, all examinations, treatments, and publication was obtained from all patients in accordance with the IRB's requirements. The journals.sagepub.com/home/taj 3 patients' records/information were anonymized and de-identified before analysis.
Primary and secondary outcomes
Intraocular inflammation was graded according to the Standardization of Uveitis Nomenclature (SUN) criteria. Treatment success was defined as a two-step decrease in the level of vitreous haze or decrease to grade 0, and/or disappearance of fundus inflammatory signs including retinal infiltrates, hemorrhage, and vascular sheathing. 24, 25 The primary outcome measure was success rate of IFNα2a treatment. Changes in ocular relapse rates, disease activity of BD measured mainly by ESR and CRP, corticosteroid-and immunosuppressive-agent-sparing effects, and potential side effects were secondary outcomes. Ocular relapse was defined as new-onset intraocular inflammation and/or worsening of preexisting uveitis necessitating treatment intensification.
Statistical analysis SPSS version 22.0 (IBM Inc., Armonk, USA) was used to statistically analyze the data. Categorical variables were represented as frequencies and percentages. Quantitative variables of normal distribution were expressed as mean ( x ) ± standard deviation (SD), whereas those of abnormal distribution were shown as median and range. The significance was estimated by the Student's t test or Wilcoxon test. A two-sided p value < 0.05 was considered statistically significant.
Results
Demographic features
A total of 30 patients (27 males and 3 females) with a mean age of 30.5 ± 8.7 years were included. The median time interval between diagnosis of BU and initiation of IFNα2a was 36 (range 4-168) months (Table 1) .
Ocular clinical characteristics
The ocular disease was bilateral in 28 patients (93.3%) and unilateral in only 2 patients (6.7%).
All patients had a recurrent refractory sightthreatening panuveitis. Retinal vasculitis was observed in seven patients (23.3%) and macular edema was observed in five patients (16.7%). In addition, nine patients (30%) developed cataract secondary to recurrent episodes of uveitis (Table 1) . (Table 1) .
Effectiveness, outcomes, and follow up
The mean follow-up length after initiation of IFNα2a treatment was 21.7 ± 7.5 months. Treatment success was achieved in a majority of the patients (26/30, 86.7%). The frequency of ocular inflammation relapse was reduced significantly in all 30 patients during the follow-up period (Figure 1) , with median relapse rate decreased substantially from 7.3 (range 2-12) per patient-year before IFNα2a treatment to 0.00 (range 0-3), 0.00 (range 0-4), and 0.00 (range 0-6) per patient-year at 6 months, 12 months, and the endpoint of follow up, respectively(p = 0.000002, p = 0.000004, p = 0.000002, respectively; Figure  1(a) ). In eight patients (26.7%), uveitis was successfully controlled without relapse by maintenance therapy of 3 MIU IFNα2a three times a week during the overall follow-up period. IFNα2a dosage was successfully tapered down to 3 MIU twice a week in five cases (16.7%) and to once a week in two cases (6.7%), and was completely withdrawn in six patients (20%). Notably, none of the six patients experienced uveitis attack during a mean follow up of 9.3 ± 3.3 months after discontinuation of IFN with one patient even stopping corticosteroids and immunosuppressants as well. The four patients who inadequately responded to IFNα2a at the dose of 3 MIU every other day were switched to infliximab treatment and the frequency of uveitis attack decreased afterwards in all four cases to some extent: from three relapses over an 8-month period of IFNα2a treatment to three relapses over a 20-months period of infliximab treatment in one patient, from two or three times per year to once per year in two patients, and from four times per year to none during a 5-month period of infliximab treatment in one patient. Significant improvement and worsening of visual acuity, defined as gain and loss of ⩾2 Snellen lines, respectively, were observed in six patients (7 eyes) and two patients (2 eyes), respectively, whereas visual acuity in the other 51 eyes remained largely unchanged. As for extraocular manifestations during the follow up, occasional oral ulcers were noted in four patients (13.3%), and genital pustule occurred only once in one patient. Levels of inflammatory markers such as ESR and CRP maintained normally in most of the patients (22/30, 73.3%).
Oral corticosteroids were lowered in 25 patients (83.3%) with median dose decreased from 20 (range 15-60) mg/day at the initiation of IFNα2a to 11.9 (range 0-50) mg/day at the last visit (p = 0.000376). At 6 months, 12 months, and endpoint of follow up, 29/30 (96.7%), 26/28 (92.9%), and 28/30 (93.3%) patients, respectively, were on less than 30 mg/day prednisone or equivalent, and 11/30 (36.7%), 14/28 (50%), and 17/30 (56.7%) patients, respectively, were on less than 15 mg/day prednisone or equivalent, with uveitis under control. Four patients discontinued corticosteroids. In addition, immunosuppressive agents were reduced in number and dosage in 22 (73.3%) and 29 patients (96.7%), respectively, and were completely withdrawn in 12 cases (40%).
Side effects
No major side effects such as severe depression were observed. A total of 24 patients (80%) experienced flu-like syndrome characterized by mild fever and headache at the initiation of the therapy but was well controlled with nonsteroidal anti-inflammatory agents. Mild/moderate reduction in leukocyte and platelet counts was observed in four cases (13.3%). However, IFNα2a was temporarily withdrawn and reinitiated in one patient due to myelosuppression. Serum creatine was elevated in two patients (6.7%). One patient developed proteinuria (1 g urinary protein in 24 hours) with a slight increase of serum creatine (range 123-130 μmol/l) Comparisons of (a) uveitis relapse rates (p = 0.000002, p = 0.000004, p = 0.000002), (b) the minimum concomitant corticosteroid dose (p = 0.000882, p = 0.001112, p = 0.000376), and (c) the number of immunosuppressive agents (p = 0.00054, p = 0.000949, p = 0.00004) at 6 months, 12 months, and last follow up with that at baseline (pretreatment Behçet's uveitis patients), shown as median and range. The significance was determined using two-tailed Wilcoxon test. **p-value < 0.01, ***p-value < 0.001, IS, immunosuppressant.
during maintenance treatment and IFNα2a was stopped according to the nephrologist's advice; the other patient experienced a transient increase of serum creatine (112 μmol/L) which returned to normal when reexamined after 20 days. Elevation of serum alanine transaminase (ALT) was detected in two patients (6.7%), and IFNα2a was discontinued in only one of them when normalization was not observed after withdrawal of CsA. The serum autoantibodies including ANA, anti-dsDNA antibody, ANCA, and anti-ENA antibodies were all negative during the treatment with IFNα2a. No depression was observed or reported by the patients or their family members during follow up.
Discussion
Evidence is accumulating that IFN might be a promising treatment, in addition to TNF inhibitors, for BU refractory to conventional immunosuppressive agents. IFN has been used either to suppress acute uveitic attack, 16 or to maintain disease quiescence in the chronic phase, 18 or both. 26 The practical value of these studies, however, is limited by their heterogeneity in terms of ethnic and racial backgrounds of the patients, indication, dosage, and duration of IFN treatment. In addition, although IFN was commonly given only with corticosteroids, [26] [27] [28] whether and (if so) how it could be used as a combinatorial agent with conventional immunosuppressants remains to be further elucidated.
The large cohort from southwest China reported recently by Yang and colleagues is worthy of particular note. 20 In this study, a daily dose of 3 MIU IFNα2a and 20 mg/day prednisone was given to their patients for 3 months with complete withdrawal of conventional immunosuppressants, followed by a slow tapering of IFNα2a and corticosteroid. Their results were encouraging with an overall effective rate of over 90% and a favorable safety profile. However, one should keep in mind that this study only enrolled BU patients who were refractory to one conventional immunosuppressant in addition to corticosteroid. Our current study, on the other hand, included more refractory patients of whom over two-thirds underwent recurrence with at least two immunosuppressants at therapeutic dosages, and chose a different strategy by taking IFNα2a mainly as an add-on treatment for refractory BU patients and evaluated the immunosuppressant-sparing effect of IFNα2a in particular. In addition, the more conservative dosing strategy in the present study may explain the diminished side effects of IFNα2a observed in our study.
Encouragingly, IFNα2a was similarly effective in the current cohort of more intractable BU patients with a success rate of 86.7%. The median rate of uveitis relapse during follow up was impressively low (0.00 per patient-year), with half of the patients remained quiescent under maintenance therapy (3 MIU 3 times a week or less frequent). IFNα2a was able to be completely withdrawn in six patients without subsequent recurrence, which reflects the longlasting effect of IFNα2a on BU. Of note is that the four patients who responded inadequately to IFNα2a in our study, later responded well after switching to infliximab. Nonetheless, considering that the cost of IFNα2a is less than 8% of that of infliximab in China, IFNα2a appeared to be a better choice than infliximab for refractory BU patients in our country. Visual acuity, however, remained largely unchanged in a majority (85%) of the eyes despite the significant improvement reported in a small percentage (11.7%). The high rate of late-stage eyes might explain the barely satisfactory visual outcome of the current study, as well as the comparable results observed in a number of previous studies. 17, 26, 29 Although the exact pathogenesis of BD remains largely unknown, abundant evidence shows that BD is a highly complex autoimmune disease that involves a broad range of different immune cells, pathways, and molecular mechanisms. 30, 31 Accordingly, a combination of two or more immunosuppressive drugs targeting different components of the immune systems is usually required for long-term disease control. Whereas numerous studies have shown that high-dose IFNα, even when used alone, is highly effective at controlling acute uveitis attack in BU, its role as a long-term maintenance treatment at tolerable low dosage is inconsistent in different studies. 17, 18, 27, 32 At least in some of the highly intractable BU patients, maintenance dosage of IFNα alone is inadequate. 32 It is thus meaningful to evaluate the long-term effectiveness and safety of IFNα in combination with other immunosuppressants. Favorably and notably, our current study reveals that IFNα2a can be used journals.sagepub.com/home/taj 7
safely as an add-on treatment, and that IFNα2a has both satisfactory corticosteroid-and immunosuppressant-sparing effects.
The adverse effect profile of our patients is worth discussing. Interestingly, the flu-like syndrome was less frequent than most of the previous reports, and no severe side effects were observed. Although Hamuryudan et al. 33 warned against the combination of IFNα with AZA due to severe myelosuppression, only slight reversible reduction in leukocyte and platelet counts was observed in four patients in our study. Intolerably elevated liver enzymes described previously 19, 20, 27 were only observed in one of our patients. Another major concern in regard to IFNα2a is the development of autoimmune phenomena. 34, 35 In our study, however, serum autoantibodies such as ANA and anti-dsDNA antibodies remained negative in all patients during follow up. IFNα has been reported to induce thyroid disorders or thyroid antibody in patients with chronic hepatitis C virus (HCV) infection 36 irrespective of the efficacy of IFNα treatment. 37 In the clinical setting of BU, development of antithyroid peroxidase antibody has also been reported, 38 suggesting the necessity for screening and monitoring of the thyroid condition. In addition, no depression was observed or reported by our patients or their family members, though it was noted in previous studies. 25, 26 In addition, renal impairment has not been noted in previous studies, but it was observed in two patients in the current study and resulted in IFN2a withdrawal in one of them. Further studies are needed to evaluate the renal toxicity of IFNα2a in the clinical setting of BU.
Our study has some limitations. First, it was a single-center retrospective study with limited participants. Second, it was designed as a self-control study, and the spontaneous remission reported in BD uveitis might potentially contribute to overestimating the effectiveness of IFNα2a therapy. Therefore, a multicenter prospective randomized controlled study evaluating the efficacy and safety between IFNα2a and conventional immunosuppressants such as CsA is warranted.
In conclusion, on the basis of corticosteroids and immunosuppressants treatment, IFNα2a is effective and relatively safe as an add-on treatment in patients with more refractory BU with satisfactory steroid-and immunosuppressant-sparing effects.
